
(19) CL 




Europdisches Patentamt 
European Patent Office 
Office europ6en des brevets 




(11) 



EP 0 812 015 A1 



(12) 



(43) Date of publication: 

10.12.1997 Bulletin 1997/50 

(21) Application number: 97108845.5 

(22) Date of filing: 03.06.1997 



EUROPEAN PATENT APPLICATION 

(51) lnt.Cl.«: HOI L 23/367 



(84) Designated Contracting States: 

AT BE OH DE OK ES F1 FR GB GR IE IT U LU MG 

NLPTSE 

Designated Extension States: 
ALLTLVROSl 

(30) Priority: 04.06.1996 IT TO960486 

(71) Applicant 

MAGNETI MARELU S.p^ 
20145 Mllano 01) 



(54) A heat dissipator for integrated circuits 

(57) A heat dissipator (D) for an integrated circuit 
(IC) of the Rip Chip type, made of copper sheet, 
intended to be soldered to the metallisad Back Side of 
the integrated circuit (IC) and to two Metallised areas 
(PS) of the Interconnection substrate (P). after the sol- 
dering phase between the integrated circuit (IC) and the 
^ interconnection substrate (P). by means of a low-fusion 
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soldering alloy (SET) so as not to impair the soldenng, 
and thus the alignment, between the integrated drcurt 
(IC) and the interconneclion substrate (P). carried out 
using a high-fusion soldering paste (SAT). 
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Description 

The present invention relates in general to heat dis- 
stpators for electronic components, in particular to sem- 
iconductor heat dissipators. assembled using so-called s 
Flip Chip technology. More ^ecifically, the present 
invention relates to a heat dissipator tbr such compo- 
nents which is also able to form a connection between 
the components and the rest of the system in which they 
are used. io 

A semicorxSuctor device is known to consist of a 
very small and very thin wafer, typically made of silicon 
and known as a chip, on which the various components 
and their interconnections are formed. Such a semicon* 
ductor device, or chip, is generally an integrated drcuit is 
and will also be referred to by this term in the following 
description. 

One face of the chip, commonly known as the upper 
face, has metallised pads operable to electrically con- 
nect the chip to an interconnection substrate by means 20 
of conductive wires. The lower face of the chip, opposite 
the upper face, is sometimes used as a further electrical 
connection to the rest of the system. 

Rip Chip technology consists essentially in mount- 
ing the chip upside-down, that is with its upper face fac- 2S 
ing the interconnection substrate, so as to make the 
pads correspond geometrically with the terminals of 
conductive tracks formed on the substrate. Mechanical 
and electrical connection may be carried out by various 
methods: by soldering or using conductive adhe- 30 
stves. Any interconnection substrate used in the normal 
assembly of electronic components can also be used In 
Flip Chip technology. 

IVpically. before a Rip Chip drcuit is assembled, 
substances are deposited on the pads, either by a 35 
chemical process or by screen printing, to facilitate this 
assemt)ly: for example, the pads are made wettable by 
the usual soldering agents used in soldering compo- 
nents with a container, or small quantities of these sol- 
dering agents are deposited directly onto the pads. 40 
Sometimes the same substances are also deposited on 
the conductive tracks of the sut)strate. 

The next assemksly phase consists in aligning the 
chip in its correct position* after which the sul>strate is 
usually put through a remelting oven at a temperature 4S 
selected for the soldering agents or adhesives used. 

The dimensions of the pads, arxl thus of the corv 
nector tracks on the suk>8trate are typically of the order 
of tenths of a millimetre, so the highest possible degree 
of accuracy is required during the alignment step. so 

Once sobering has been carried out, the holtow 
space between the chip and the sutsstrate is fQled with 
plastics resin to protect the assembly from environmen- 
tal contamination. 

The structure obtained with this assembly is thus ss 
constituted by a silicon wafer, the ch^. containing the 
electronic components, the substrate to which the chip 
is soldered and a layer of plastics resin between the two. 

In this configuration, the chip can dissipate heat 



generated inside it only towards the sut)strate. through 
the filler resin between the chip and the substrate. 
Owing to the low thermal conductivity of the plastics res- 
ins which can be used, heat dtesipation takes place only 
with some cBff iculty. With this type of assemt)ly any dis- 
sipation through the lower face of the chip, opposite that 
carrying the pads and convnonty known as the Back 
Side, can be disregarded (as win be explained later). 
This Back Side is generally metallised. 

The prior art provides several arrangements for 
increasing heat dissipation from the chip by using a heat 
conductive element to connect the Back Side of the chip 
to conventional heat dissipating fins or to metal struc- 
tures operable to dissipate heat. 

Such arrangements do dissipate heat from the chip, 
or integrated circuit, but have other technical disadvan- 
tages. A first disadvantage involves the dimensions and 
the cost of the cGssipating fin rtsetf. A second disadvan- 
tage is due to the fact that it is often necessary to make 
an electrical connection between the metallised lower 
face of the integrated circuit and the interconnection 
substrate. If a dissipating fin is applied to the metallised 
lower face of the integrated circuit, it is very difficult to 
set up such an electrical connection. This is because a 
heat-conductive paste, typically silicon grease, is used 
to ensure good thermal contact between the dissipating 
fin and the lower face of the integrated circuit. This heat- 
conductive paste rrmkes it difficult to achieve a good 
electrical contact between the dissipating fin and the 
metallised lower face of the integrated circuit In addi- 
tion, it is difficult to sokier an electrical conductor 
directly to the metallised lower face of the integrated cir- 
cuit owing to the presence of the heat dissipating fin. 

The object of the present invention is to provide a 
heat dissipator for integrated circuits or semiconductor 
devices such as Flip Chips which satisfactorily solves all 
the above problems. 

This object is achieved according to the present 
invention by providing a heat dissipator for integrated 
circuits or semiconductor devices of the Rqs Chip type 
having the characteristics claimed in the Claims which 
fbllow this description. 

Further advantages and characteristics of the 
present invention wBI become dear from the following 
detailed desaq^tion wHh the akl of the appended draw- 
ings, provided purely by way of non-limitative example, 
in which: 

Rgure 1 is a partial schematic perspective view of a 
prior art connection between a semioonductor and 
an interoonnectfon substrate, 
Rgure 2 is a partial schematic perspective view of a 
semiconductor device and an interconnection suk>- 
strate according to the present invention, and 
Rgure 3 is a partial schematic perspective view, in 
aoss section, of an Interconnection substrate car- 
rying a semiconductor device and a heat dissipator, 
according to the present invention. 
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Una present invention essentially comprises a heat dis- 
sipator, and the assembly thereof, operable to ensure 
optimum heat and electrical conduction between the 
metallised lower face or Back Side of the semiconductor 
device or integrated circuit and the interconnection sub- 5 
strate. 

Rgure 1 shows the "conventional'' method of elec- 
trically connecting a semiconductor device, chip or inte- 
grated circuit. IC and an electrical interoonnection 
substrate P; note the conductive wires F which electri- 10 
cany connect the connective jaatches. or pads E on an 
upper face A of the semiconductor device iC to conduc- 
tive tracks PC in the interconnection substrate P. 

In order better to understand the heat dissq3ator of 
the invention, it will now be desaibed in detail with ref- is 
erence to Figures 2 arxi 3. 

It can be seen that Rgures 2 and 3 also show an 
interconnection substrate P made from a plate, fbr 
example of ceramic material, on which have l^en 
formed conductive tracks PC according to technk^ues so 
widely known in the art. The integrated circuit IC is 
placed on the interconnection substrate P. As explained 
above, the upper face A of the integrated circuit tC, that 
is the face on which the connecting pads E are formed, 
faces the interconnection substrate R In practice, the 2S 
integrated circuit IC is arranged '^iq^side-down" on the 
printed drcuit P. that is with the upper face A feeing (in 
the case of Figures 2 and 3) downwards, that is towards 
the substrate P. and the tower face B, or Back Side, fac- 
ing upwards. 30 

As stated above, the pads E of the integrated circuit 
IC are soldered to corresponding corKluctive tracks PC 
of the substrate P by means of deposits of soldering 
paste SAT. 

In the case of the present invention, the deposits 35 
SAT must be made using a soldering paste which melts 
at a relatively high temperature, that is a so-called high- 
fusion paste. It may be advantageous, fbr exarrple, to 
use a soldering paste SAT with a fusion temperature of 
220*C. The integrated circuit IC and the interconnection 40 
substrate P are soldered, fbr example, in a soldering 
oven, naturally at a temperature higher than the fusion 
temperature of the soldering paste used fbr the deposits 
SAT. 

Once the integrated circuit IC and the substrate P 4S 
have been sokiered, a heat sink or dissipator 0 is fitted 
to the integrated circuit. This dissipator D is made of 
sheet metal and is shaped so as to have a first fiat sur- 
face fbr tocating on the metalGsed lower face B of the 
Integrated circuit IC and at least a second flat surface so 
intended to be posittoned on an area PS of the sut>- 
strate P dose to the integrated drcuit IC. 

The dissipator D can, fbr example, be made of a 
substantially rectangular sheet of metal bent Into the 
shape of a broad-based "LT as shown in Rgure 3. As ss 
can be seen from Rgure 3. the dissipator D has a cen- 
tral portion resting on the metallised lower lace B of the 
integrated drcuit IC and two flat skfe portions which are 
bent twice so they are lower than the central portion and 



resting on two areas PS of the substrate P adjacent the 
integrated ctrcurt IC. It is possible, however, for the cfissi- 
pator D to be shaped differently. The dissipator O can 
advantageou^y be made in copper or an alloy thereof 
although it is possitsle to use other metals, provided they 
are good conductors of both electridty and heat 

The surface of the sheet used to fbrm the dissipator 
D intended to face the interconnection sukastrate P may 
be pre-tinned, at least in the areas which will come into 
contact with the metallised lower face B of the inte- 
grated drcuit IC and with the areas PS of the substrate 
R In addition, these areas PS of the sut>stmte P 
intended to come into contact with portions of the dssl- 
pator D are metallised, at least partially, and may carry 
conductive tracks. 

The soldering paste SBT used to solder the dissi- 
pator D must be a paste with a significantly lower fusion 
temperature than the fusion tenperature of the solder- 
ing paste used for the deposits SAT It would be advan- 
tageous to use. for exanple, an eutectic tin-lead 
soldering paste with a fusion temperature of 183°C. 

Alternatively, a low fusion temperature paste SBT 
can be applied to one surface of the dissipator D or on 
the Back Side B of the integrated drcuit IC and on the 
metallised areas PS of the substrate P intended to 
come into contact with the dissipator D. 

The substrate P on which the cGssipator D rests can 
then be returned to a soldering oven so as to solder the 
dissipator 0 to the integrated circuit IC and to the areas 
PS of the substrate P. This soldering process must of 
course be carried out at a temperature higher than the 
fusion temperature of the tow-temperature sotoering 
alloy or paste SBT but lower than the fusion tempera- 
ture of the paste used tor the deposits SAT. In the exam- 
ple described above, in which the soldering paste used 
for the deposits SAT has a fusion temperature of 220*C, 
and the soldering alloy SBT has a fusion temperature of 
ISS^'C, this second soldering operation may be carried 
out. for exanple, at a tenrperature of between 200 and 
210»C. 

In this way. the paste deposits SAT whtoh solder the 
integrated drcuit IC to the printed circuit P do not melt 
but remain intact during the sotoering of the heat dissi- 
pator D. If this were not the case, that is if during the sol- 
dering of the heat dissipator D the paste applications 
SAT soldering the irttegrated circuit IC to the substrate P 
became molten, the aGgnment of the integrated drcuK 
IC and the tracks PC of the substrate R which must be 
extremely accurate as stated above, would be impaired, 
along with the connections between the pads E of the 
integrated drcuit IC and the conductive tracks PC of the 
sut)strate P, thereby rendering the drcuit unusable. 
Working as descrbed above poses no risk of this hap- 
pening. 

Furthermore, should it be necessary to make an 
electrical connection with the metallised lower face B of 
the integrated drcuit IC. it woUd be possible to use one 
of the corKluctive tracks PS interxJed to enable the heat 
dissipator D to be soldered to the substrate P. 
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By using the heat dissipator 0, the invention thus 
makes it possible to set up an optimum thermal and 
electrical connection between the metallised lower tace 
B of the integrated circuit IC and the substrate P. 

TTie inventbn thus has the advantage of making it s 
possible to use Flip Chip technology for power compo- 
nents. The invention also makes it possitjie to manufac- 
ture circuits which include components using both Rip 
Chip technology and SMD technology, that is surface 
mounted components, which can be soldered to the io 
interconnection substrate P during the second soldering 
operation, for example. 

Naturally, the principle of the Invention remaining 
unchanged, manufacturing details and embodiments 
may be varied widely from those described and ill us- is 
trated here, without thereby departing from the protec- 
tive scope of the present invention as defined in the 
apperKjed Claims. 

Claims 20 

1. A heat dissipator for an integrated circuit or semi- 
conductor device (IC). of the Rip Orap type, 
intended to be soldered directly to an interconnec- 
tion substrate (P). with an upper face (A) of the said ss 
integrated circuit (IC) having several metallised 
connection pads (E) and facing the said intercon- 
nection substrate (P), the said metallised connec- 
tion pads (E) being soklered directly to connective 
tracks (PC) of the interconnection substrate (P) by 30 
means of applications (SAT) of soldering paste hav- 
ing a first fusion temperature. 

characterised in that it is constituted by a metal ele- 
ment (D). being bath electrically and thenrnally con- 
ductive, made so as to have a first, substantially flat 9s 
surface, intended to be soldered to a metallised 
lower face (B) of the said integrated circuit (IC), and 
at least one second sukDStantially flat surface 
Intended to be soklered to a m^allised area (PS) of 
the BBod interconnection substrate (P). adjacent the 40 
said integrated circuit (IQ, tiy means of a soMering 
alloy (SBT) having a second fusion temperature. 

2. A dissipator according to Claim 1 , characterised in 
that it is constituted by an element (D) of bent sheet 45 
metal. 

3. A dissipator according to Claim 1 or Claim 2, char- 
acterised in tiiat the said metal element (0) has two 
second sutistantlally flat suiftoes intended to be so 
soldered to two metallised areas (PS) of the said 
interconnection substrate (P) adjacent two opposite 
edges of the said integrated circuit (IC). 

4. A dissipator according to any Claim from 1 to 3, 55 
characterised in that the said metal element (D) is 
made of copper or a copper alley. 

5. A dissipator according to any Claim from 1 to 4, 



characterised in that the said metal element (D) is 
soldered to the sakJ integrated drcuit (IC) and to the 
said interconnection substrate (P) by means of the 
said soldering alloy or paste (SBl) having a second 
fusion temperature lower than the first fusion tem- 
perature whereby the said metal element (D) can 
be soklered to the said integrated drcuit (IC) and 
the sakt sut)strate (P). already soldered to each 
other, without causmg fusion of the sokferir^g 
already carried out with the applications of sokler- 
ing paste (SAT). 

6. A dissipator accorcfing to Claim 5. characterised in 
that the said soldering alloy (SBT) is applied to one 
face of the said metal element (D). at least on the 
said first and second surfaces, before it is soldered. 

7. A dissipator accorcfing to Claim 5. characterised in 
that the said sobering paste (SBT) is applied to the 
said lower face (B) of the said integrated circuit (IC) 
and to the said metallised area (PS) of the said 
interconnection substrate (P) adjacent the said inte- 
grated circuit (IC). 

8. A manufacturing process for an irtterconnection 
substrate (P) which indudes at least one integrated 
drcuit (IC) of the Rip Chip type and a heat dissipa- 
tor (D) according to any one of Claims 1 to 7, char- 
acterised in that it indudes. in order, at least the 
following steps: 

soldering the said integrated drcuit (IC) to the 
said interconnection substrate (P) at a temper- 
ature higher than the saki first fusion tenrpera- 
ture, and 

- sobering the said dissipator (D) to the sakI 
integrated drcuit (IC) and the said interconnec- 
tkxi sitetrate (P) at a temperature lower than 
the sakI first fusion temperature but higher than 
the saki second fusion temperature. 



20 



4 



EP 0 812 015 A1 

•I 



Fiai 




BEST AVAILABLE COPY 



5 




6 



EP 0 812 015 A1 




£iiropeaji Pftteat 
Office 



EUROPEAN SEARCH REPORT 



A^plicatSoa Ni 

EP 97 16 8845 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citacioa off docunm witfa indicadon, wbcre appropriate. 


Rdcrant 
to daiiB 


CLASSinCATION OP THE 
APPLICATION (latCLtf) 


X 


PATENT ABSTRACTS OF JAPAN 

vol. 916. no. 240 (E-1211), 3 June 1992 

& JP 04 048768 A (FUJITSU LTD), 18 

February 1992. 

* abstract * 


1-4,8 


H01L23/367 


A 


RESEARCH DISCLOSURE, 
no. 321, 1 January 1991, 
page 59 XP000164437 
■SOR-METAL-INTERFACED HEATSINKS FOR 

* the whole document * 


1-8 




A 


EP 0 509 732 A (IBM) 21 October 1992 
^ the whole document * 


1-8 




• 

A 


vDkJ TPf^uMT^Ai nTC^I ACIICkC Dill 1 CTTU 

I Bn . TECHN I CA L D I.^C LOoU Kc dU LLt 1 IN , 

vol. 3(5, no. 98, 1 September 1993, 
page 623/624 XP000397284 "THERMALLY 
CONDUCTIVE SUBSTRATE MOUNTED MULT I -CHIP 
MODULE CAP" 

* the whole document * 

PATENT ABSTRACTS OF JAPAN 
vol. 95, no. eiO 

& JP 07 263618 A (NIPPONDENSO CO LTD), 13 
October 1995, 

* abstract * 










TiXXiNlCAL FIELDS 
SEABCHED OM.Cm 


A 


1-8 


HOIL 


A 


PATENT ABSTRACTS OF JAPAN 

vol. 006, no. 087 (E-108), 25 May 1982 

& JP 57 021845 A (NEC CORP), 4 February 

1982, 

* abstract * 


1-8 




A 


US 3 825 803 A (BUDDE H) 23 July 1974 






Itm prcscat sewcb rep«rt bag tan ikmwB iv fbril dov 







THE HAGUE 



18 July 1997 



Prohaska* G 



X: 
Y: 

A: 
O: 
P : 



CATEGOKY OF CITED DOCUMETOS 

mkUM 



if 



pvckofariy rdcviBt if 

1 backyoc 
JisciOTMfa 



Ti 



O: 
L: 



•r priadpl* arfcrtyiag tiM iavMtfaa 



thafUiosdaie 

dtai Ib thm tppaotlaa 
dtc4 far acker 



,b«r of dM nmm pauac fuaUy* ummwu ftig 



BEST AVAILABLE COPY 



EP 0 812 015 A1 




li^uropeui Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 97 10 8845 



►CUMENTS CONSIDERED TO BE RELEVANT 



Citation of 



mXb mdicadoa, 
of idevflDt 



appropnaCe^ 



PATENT ABSTRACTS OF JAPAN 
vol. G18, no. 225 (E-1541), 22 April 1994 
& JP 06 021278 A (HITACHI LTD). 28 
January 1994. 

PATENT ABSTRACTS OF JAPAN 

vol. 013. no. 356 (E-803). 9 August 1989 

& JP 01 117049 A (HITACHI LTD). 9 May 

1989. 

PATENT ABSTRACTS OF JAPAN 

vol. 003. no. 182 (E-133), 29 August 1979 

& JP 54 078982 A (FUJITSU LTD). 23 June 

1979, 



upiM-aD 



CLASSinCATION OF THE 
APPUCATION aaLCL«> 



TECHNICAL FIELDS 

HED (btt.CI.il 



THE HAGUE 



18 July 1997 



Prohaska, G 



CATEGORY OF CITED DOCUMENTS 



X I pvticaUHy rdcraal If fikca aloM 
Y ; particnUHy rd«vuc tf 
iKinicai of the sw* 
A t ttchBotoglciJ haxk^m 
O : Roa^wittca Osciagrara 
P : lBCcm«4imt« 



T: 
E: 

D: 
L: 



i«l«r the fUiac tet* 
cltc4 fpr 



pnkttshed oa, or 



of ihm SBM punt ftmUf, can«SfOo4iBc 



8 



